Abstract: Colorectal cancer remains one of the most prevalent cancer and a leading cause of cancer related death in the US. Many currently used chemotherapeutic agents are derived from botanicals. Identifying herbal sources, including those from ginseng family, to develop better anti-cancer therapies remains an essential step in advancing the treatment of the cancer. In this article, potential roles of ginseng herbs, especially American ginseng and notoginseng, in colorectal cancer therapeutics are presented. The major pharmacologically active constituents of ginsengs are ginsenosides, which can be mainly classified as protopanaxadiol and protopanaxatriol groups. Structure-activity relationship between their chemical structures and pharmacological activities are discussed. In addition, various steaming temperature and time treatment of the ginseng herbs can change ginsenoside profiles, and enhance their anti-cancer activities. This heat treatment process may increase the role of ginseng in treating colorectal cancer.
Introduction
Human colorectal cancer is a leading cause of cancer related death in the US, and the second most prevalent cancer worldwide. Half of all patients diagnosed with colorectal cancer eventually die from the disease, while only less than 10% of patients with metastatic colorectal cancer will survive more than 5 years after diagnosis (Goldberg et al., 2004; Jemal et al., 2008) . Several controlled clinical trial data supported a multimodal and multidisciplinary approach, including combination of treatments and schedule in which they are administered, 1020 C.-Z. WANG & C.-S. YUAN to treating both early and advance stage colorectal cancers (Goldberg et al., 2004 , Hurwitz et al., 2004 . Studies also showed that patients with cancer often resort to complementary and alternative medical means to treat cancer, cancer-related symptoms, and/or to reduce the adverse effects of chemotherapy (Ott, 2002; Lee et al., 2006; Wu et al., 2007) .
There is compelling evidence that patients in this country resort to supplements or substitute them for conventional pharmacotherapy. Several national surveys indicate that at least one third of American adults take some form of dietary supplement, and botanicals comprise approximately 25% of the supplement market (Barnes et al., 2004) . Botanicals have also been the major source of therapy in many traditional medical systems and have been used clinically for the treatment of a variety of diseases (Mashour et al., 1998; Xie et al., 2006; Wicks et al., 2007) . Botanical ingredients in natural products contain bioactive constituents with medical benefits (Akerele, 1993; Leung, 2007; Zhou et al., 2007; Li and Zhang, 2008) . Furthermore, botanicals have contributed significantly to cancer therapy, and it is likely that extracts and active constituents from herbal medicine will continue to play an important role in cancer therapeutics (Liu and Jiang, 2006; Ng et al., 2006a and b; Shieh et al., 2006; Ozaslan et al., 2007) . In this article, we will discuss potential roles of ginseng herbs in the treatment of colorectal cancer.
Medicinal Use of Botanicals in Ginseng Family
Panax L. is a small genus of the family Araliaceae. Nearly all species in the genus Panax, such as Panax ginseng C. A. Meyer (Asian ginseng), Panax quinquefolius L. (American ginseng), and Panax notoginseng (Burk.) F. H. Chen (notoginseng) , are important herbs used for different medical conditions (Chen et al., 2001; Wang et al., 2007c) . Asian ginseng and notoginseng are considered as Chinese herbal medicines, and American ginseng is one of the most commonly used botanicals in the US (Wang et al., 1999; Ng, 2006a and b) .
It is generally believed that the active compounds in Asian ginseng, American ginseng and notoginseng are triterpene glycosides or dammarane saponins, commonly referred to as ginseng saponins (ginsenosides and notoginsenosides). These ginseng saponins are the major active ingredients in the herb, and their levels can be used to develop quality controls for these herbs (Fuzzati, 2004; Chao et al., 2006; Wang et al., 2006a) . There are over 50 different known ginseng saponins, and they are characterized by a 4 trans-ring rigid steroid aglycone skeleton and attached sugar moieties. Based on the aglycone skeleton, ginseng saponins can be divided into protopanaxadiol group and protopanaxatriol group, except for ginsenoside Ro, which is derived from oleanolic acid group (Fig. 1) .
Ginseng has many reported health benefits (Attele et al., 1999; Liu et al., 2006a and b; Yamakage et al., 2006; Yoo et al., 2006) . Regarding its anti-cancer effects, a case-control study on over a 1,000 subjects in Korea showed that Asian or Korean ginseng intakers had a decreased risk for many different cancers compared with nonintakers (Yun and Choi, 1995; Yun and Choi, 1998) . It also suggested that ginseng has a non-organ specific preventive effect against cancer (Yun, 2003) .
Regarding responsible anti-cancer constituents from Asian ginseng, published studies showed that some saponins could reduce proliferation of cancer cells and sensitize cancer cells to chemotherapeutic agents in vitro (Lee and Huemer, 1971; Kim et al., 2007; Koo et al., 2007) . Several investigators found anti-tumor properties and other pharmacological activities of ginseng, and ginsenosides Rg3 and Rh2 are recognized as active anti-cancer saponins (Helms, 2004) . Jia et al. (2004) noted that ginsenoside Rh2 inhibited proliferation and induced apoptosis in cancer cell lines, and sensitized drug-resistant breast cancer cells to paclitaxel. Kim et al. studied 11 ginsenosides and determined that Rg3 and Rh2 inhibited proliferation of prostate cancer cells (Kim et al., 2004) . Iishi et al. (1997) used a rat model to determine the effects of ginsenoside Rg3 in inhibiting colon cancer cell proliferation.
American Ginseng
Ginseng root has been used for centuries in Oriental medicine as a panacea that promotes longevity (Attele et al., 1999; Fuzzati, 2004) . However, relatively few studies focus on American ginseng, which is a popular herbal supplement in US consumers and patients (Attele et al., 1999; Helms, 2004) . American ginseng is an obligate shade perennial plant native to eastern North America. The commonly used part of the plant is the root, which is harvested after several years' cultivation. The largest growing area in the US is in Wisconsin. The bioactive constituents of American ginseng are ginsenosides, which are present in the root, leaf, stem and berry of the plant. More than 30 ginsenosides such as Rb1, Rb2, Rc, Rd, Re, Rg1 and Rg3 have been identified (Wang et al., 1999; Assinewe et al., 2003; Wang et al., 2006b) in American ginseng ( Fig. 1(A) ). Several previous studies of American ginseng were focused on its activities on the cardiovascular system, such as anti-ischemic, antiarrhythmic and antihypertensive effects (Attele et al., 1999; Kim and Park, 2003) . These pharmacological effects are, to a significant extent, considered to be linked to the antioxidant properties of the herb (Kitts et al., 2000; Wang et al., 2007c) .
American ginseng extracts were found to inhibit the growth of breast cancer cells (Corbit et al., 2006) . We previously investigated the effects of several herbal extracts on reducing chemotherapeutic side-effects and found that American ginseng can attenuate cisplatininduced nausea and vomiting in a rat model, while not affecting its anti-cancer properties in human cancer cells (Mehendale et al., 2005; Aung et al., 2007) . In addition, the extract from American ginseng enhanced the anti-proliferation effect of cisplatin on human breast cancer cells, suggesting that it possesses its own anti-cancer activity (Aung et al., 2007) . Our group also showed that after steaming treatment of American ginseng, anti-proliferative effects were improved significantly possibly due to the altered ginsenoside profile (Wang et al., 2006c; Wang et al., 2007a) .
Notoginseng
Notoginseng is a Chinese herbal medicine that has a long history of use in China and other Asian countries. This herb is distributed in the southwest of China, Burma, and Nepal. Notoginseng is cultivated commercially in the southwest of China, especially in Yunnan Province. The portion of the plant commonly used in remedies is the root, which is dug up after the fruit has ripened.
The earliest scientific description of notoginseng was in Materia Medica, a dictionary of Chinese herbs, written by Li Shi Zhen (1518-1593 AD). In Materia Medica, notoginseng was also called "more valuable than gold," indicating the significance of this herb in traditional Chinese medicines. Notoginseng is regarded as the emperor herb in treatment of different types of wounds because it is the most commonly used medicine for both internal and external hemorrhage (Ng, 2006a and b; Wang et al., 2006a) .
Modern pharmacological researches on notoginseng have found that notoginseng exerts various effects on the cardiovascular system, central nervous system, endocrine system, inflammation response (Sun et al., 2005; Ng, 2006a and b) . In line with the hemostatic effect of notoginseng reported in ancient China, recent studies showed that the alcohol extract of notoginseng resulted in reducing bleeding time and provides better hemostatic effects than without treatment, placebo treatment, or treatment with hydrophilic or lipophilic extracts (White et al., 2001) . Notoginseng can also decrease blood pressure, improve blood supply and protect against shock, and protect the cardiovascular system and brain vasculature. Its protective mechanism could be partly due to protection against damage by oxygen free radicals, and also by binding to the estrogen receptor, as ginsenosides sharing many of the protective actions of estrogen in various body systems. Pharmacokinetic and pharmacodynamic studies have shown that intranasal preparation of notoginseng saponins is a promising development and may be beneficial for the treatment of Alzheimer's disease. Notoginseng extracts were also found to possess the capacity to adjust energy metabolism and treat diabetes (Ng, 2006a and b) .
Some studies also showed that notoginseng has anti-tumor effects (Chenet al., 2001; Ng, 2006a and b) . Recently, we found that notoginseng extract can increase the effects of cancer chemotherapy. Using HCT-116 human colorectal cancer cell line, the anti-proliferative effect of notoginseng extract combined with 5-FU was investigated. Compared with control, when cells were treated with 5-FU or notoginseng separately, cell proliferation was reduced by 31% and 25%, respectively. The combination of 5-FU and notoginseng reduced cell proliferation by 59%, suggesting that combining notoginseng with 5-FU can reduce the dose of 5-FU, while significantly increase the anti-proliferation effect on the cancer cells. Since it is wellknown that 5-FU has cytotoxic effects on primary cells, this synergistic effect between notoginseng and 5-FU makes it possible to reduce the dose of 5-FU in combination with notoginseng and thereby further decrease dose-related toxicity (Wang et al., 2007b) .
Notoginseng has a very distinct saponin profile compared to that of American ginseng (Chen et al., 2001; Sun et al., 2005) . The main bioactive compounds in notoginseng are saponins, which are dammarane saponins. Oleanane-type saponin, present in Asian ginseng and American ginseng, is not found in notoginseng. To date, 56 saponins have been isolated from the notoginseng plant. Of these notoginseng saponins, 35 belong to protopanaxadiol group, while 21 belong to protopanaxatriol group (Wang et al., 2006a) . Ginsenosides Rb1, Rg1, Rd and notoginsenoside R1 are the main saponins in notoginseng root ( Fig. 1(B) ).
Saponin Structure-Activity Observation and Heat-Treatment of Ginsengs
Ginseng saponins belong to a family of triterpene glycosides or triterpene saponins. Ginseng saponins (except ginsenoside Ro) possess the 4 trans-ring rigid steroid skeleton, with a modified side chain at C-20. Sugar residues are attached to the -OH of the aglycon. As mentioned above, ginsenosides can be mainly classified as protopanaxadiol and protopanaxatriol groups. For the protopanaxadiol group, sugar residues are attached to the β-OH at C-3 and another -OH at C-20 of the aglycon, e.g., ginsenosides Rb1, Rb2, Rc, Rd, Rg3 and Rh2. For protopanaxatriol group, sugar residues are attached to the α-OH at C-6 and another -OH at C-20 of the aglycon, e.g., ginsenosides Re, Rg1, Rh1 and notoginsenoside R1 (Fig. 1) .
Structure-activity relationship elucidates the relations between chemical structure and their pharmacological activity for a series of compounds (Ooi et al., 2006; Benjamin et al., 2008) . The anti-cancer activities of ginseng saponins are related with the type of aglycons and sugar residues (Helms, 2004; Wang et al., 2007d) . The main anti-cancer saponins so far identified are from the protopanaxadiol group. The 3 most potent compounds in this group are Rg3, Rh2 and their aglycon, protopanaxadiol, and the latter 2 may have stronger effects (Popovich and Kitts, 2002; Wang et al., 2007d) . Other compounds in the protopanaxadiol group showed less or no anti-cancer activities probably due to the fact that the sugar residues are attached to the -OH at C-20.
Ginsenoside Rg3 was isolated from Asian ginseng, American ginseng and notoginseng (Xu et al., 1987; Chen et al., 2002) . However, Rg3 is only a trace saponin in different species of genus Panax (Fuzzati, 2004) . The Rg3 can also be obtained from mild acidic hydrolysis of protopanaxadiol group saponins, such as Rb1, Rb2 and Rc (Fig. 2) . Since Rg3 was found to effectively inhibit the growth of cancer cells (Mochizuki et al., 1995) , studies of Rg3 sources were emphasized. In 2003, the Rg3 was approved as a new anticancer drug in China (Lu et al., 2008) . Although this saponin can be obtained by biological transformation and chemical synthesis, the process is complicated, the yield is limited and Figure 2 . Chemical conversions starting from protopanaxadiol group saponins using acidic hydrolysis or steaming process.
thus, the cost of the product is high. As shown in Fig. 2 , Rh2 and protopanaxadiol are also derived from the protopanaxadiol group saponins. In Asia, Asian ginseng root can be prepared as (1) air-dried to white ginseng, or (2) steamed at approximately 100 • C to red ginseng. Compared with white Asian ginseng, red ginseng has stronger anti-cancer activities (Yun et al., 2001 ), due to relatively higher content of Rg3. It seems likely that the steaming process or heat-treatment of ginseng is a good approach to transform inactive ginsenosides to active anti-cancer compounds such as Rg3, Rh2 and protopanaxadiol.
Our laboratory treated American ginseng berry at various temperatures and heating time to observe the changes in ginsenoside content and anti-cancer activities on human colorectal cancer cells. We found that steamed American ginseng berry extract very significantly augmented the content of Rg3. When human colorectal cancer cells were treated with steamed berry extract (120 • C, 2 hours), the anti-proliferation effects were 98% for HCT-116 and 99% for SW-480 cells. At the same treatment concentration, the effects of unsteamed extract were 34% for HCT-116 and 5% for SW-480 cells. This suggested that steamed American ginseng berry augmented Rg3 content and anti-cancer activity significantly (Wang et al., 2006c) . We also steamed American ginseng root, with comparable change of the chemical constituent and anti-proliferative activities as that of steamed berry extract (Wang et al., 2007a) .
Constituent changes of notoginseng after steaming treatment have also been reported (Lau et al., 2004) . After the treatment, the content of Rb1, Rg1, Rd and notoginsenoside R1 decreased, while Rg3 had some increase, and the trend is similar to what we observed after the steaming treatment of American ginseng. Recently, we performed steaming treatment on notoginseng root. After the treatment, the content of Rg3 was found to be increased remarkably, and anti-proliferative effect on colorectal cancer cells was significantly increased (unpublished data).
Summary
Previous studies suggested that American ginseng and notoginseng possess anti-cancer activities. We recently observed that using a special heat-preparation or steaming process, the content of Rg3, a previously identified anti-cancer ginsenoside, increased significantly and became the main constituent in the steamed American ginseng. As expected, using the steamed extract, anti-cancer activity increased significantly. Notoginseng has a very distinct saponin profile compared to that of American ginseng. Steaming treatment of notoginseng also significantly increased anti-cancer effect.
It appears that the next logical step would be to characterize the effects of the two ginseng herbs (unsteamed and steamed) and their active constituents on colorectal cancer, and their mechanisms of action. Data obtained from future studies will help develop useful products for complementary and alternative therapies in oncology.
